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I. INTRODUCTION 
Historically, the U.S. farm sector has been a leader in meeting the 
challenges of the world's growing food demand. American farmers produced 
an impressive 24 percent of the total world food and feed grains in 1977. 
They also contributed 53.6 percent of total world exports of these farm 
commodities in the same year. This achievement was possible through a 
combination of past governmental policies and technological developments 
[5, 6]. In the beginning cheap land and other inexpensive inputs encour-
aged farmers to increase agricultural production by expanding the use of 
these inputs. Gradually, technological innovations and mechanization of 
agriculture accelerated its growth and productivity, creating a large 
capacity for agricultural production. Table 1 shows the indices of farm 
output, input, and productivity in the United States from 1910 to 1977. 
Output increased by 181 percent whereas input use increased by only 17 per-
cent, resulting in a 140 percent increase in productivity during the 1910-
1977 period. 
The importance of agriculture in the U.S. economy has increased 
because of its role as an export industry. Hence, this growing contribu-
tion prevails even though the economy is increasingly industrialized and 
urbanized. Although the nonagricultural sector had a trade deficin in 1976, 
an agricultural trade surplus counterbalanced it to yield a net positive 
trade surplus of 3.5 billion dollars for the nation [ 9 ]. 
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United States agriculture, however, has been confronted with the 
problems of extremely volatile demand and price conditions over time. 
For most of the period from the 1920s until the middle of 1972, farm com-
modity supplies had been too large to be absorbed at levels acceptable to 
farmers. Farm prices and income were depressed accordingly. To offset 
this excess supply capacity and depressed prices and to improve farm in-
comes, several federal farm programs were implemented in the period 1933-
1972 [10]. The focus of these programs was on reducing the market supply 
of farm products by storing the surplus output, retiring cropland from 
production, and to a small degree, retraining and finding alternative em-
ployment opportunities for farm workers. Efforts also were initiated to 
expand the market for farm products through demand expansion programs for 
food products. Low-cost food programs for welfare recipients, school 
lunch programs, and foreign aid were attempted to expand the effective 
demand for certain farm products [3]. 
Between 1973-1975, however, the demand and supply situation for 
American agriculture changed greatly. Strong export demand for grains 
caused sharp price increases. This increased foreign demand is attri-
buted to devaluations of American currency, increasing per capita 
income in other countries, and crop shortfalls in major producing areas 
of the world [4, 8]. The Russian wheat purchases of 1972 and poor 
anchovy fish markets off the coast of Peru especially drove demand 
and price higher for the U.S. farm commodities. In addition, unfavor-
able weather conditions in the United States during the 1976 growing 
season induced further upward pressure on farm commodity prices. During 
5 
this period, retired land went back into production. Government's 
support and target prices were ineffective and agriculture operated mainly 
in a free market. For this brief period farmers enjoyed mammoth increases 
in income because of high prices for crop commodities. Table 2 presents 
price and income indices showing the abrupt, changes in the price and in-
come situation during 1973-1975. 
Table 2. Index numbers for prices received by farmers and net income 
for farm operatorsa (1967 = 100) 
Year 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
aSOURCE: [ 11 ] • 
Prices Received 
by Farmers 
96 
95 
96 
98 
97 
95 
98 
106 
100 
102 
107 
110 
113 
125 
179 
192 
185 
186 
183 
Net Income of 
Farm Operators 
86.8 
93.3 
96.9 
97.8 
95.4 
85.0 
104.5 
113.1 
100.0 
99.9 
115.8 
114.7 
118.6 
151.3 
270.3 
211.8 
196.6 
162.2 
177.7 
If the farm earning situation of 1973-1975 had been of permanent 
nature, programs directed at supply control by restricting land use would 
not have been needed in the future. However, the situation was transitory. 
6 
Again, since 1976, the American farm sector began having a relative 
surplus of output against a deepening cost-price squeeze. Table 3 shows 
that the prices paid by farmers in recent years have gone up more rapidly 
than prices received. Net farm income has decreased accordingly. 
Realized net income per farm of $10,529 in 1973 fell to $7,885 in 1976, 
only slightly more than the $6,204 of 1972 [11]. It should be noted that 
export demand for farm commodities is still quite strong [16]. The 
present problem results because production costs have been rising at a 
faster rate than prices received by farmers. Therefore, present govern-
ment efforts are directed at increasing the farm prices for agricultural 
output under the Food and Agriculture Act of 1977 [13]. To achieve this 
objective, target prices and support prices have been raised to the levels 
shown in Table 4. 
Table 3. a Index of prices received and prices paid by farmers (1967 = 100) 
Prices Received Prices Paid Ratio of 
for All Farm for Production Prices Received 
Year Products Items, Interest to Prices Paid 
Taxes, and Wage Rate 
1966 106 99 1.07 
1967 100 100 1.00 
1968 102 102 1.00 
1969 107 107 1.00 
1970 110 112 0.98 
1971 113 117 0.97 
1972 125 125 1.00 
1973 179 149 1.20 
1974 192 169 1.14 
1975 185 186 0.99 
1976 186 198 0.94 
1977 183 208 0.88 
aSOURCE: [24]. 
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Table 4. Target prices and support prices for wheat, feed grains, 
soybean~ and cotton under Agriculture and Consumer Protection 
Act of 1973 and Food and Agriculture Act of 1977a 
Agriculture and Food and 
Consumer Protection Agriculture Act of 
Act of 1973 1977 
(1977 crop) (1978) 
Target Suppert· Target Support 
Crop Price Price Price Price 
Wheat $/bu. 2.90 2.25 3.40 2.25 
Corn $/bu. 2.00 2.00 2.70 2.00 
Sorghum $/bu. 2.28 1.90 2.28 1.90 
Oats $/bu. None 1.03 None 1.03 
Barley $/bu. 2.15 1.63 2.25 1.63 
Soybeans $/bu None 3.50 None 4.50 
Cotton ¢/lb. 4 7. sob 44.63b 52.00b 48.00b 
a SOURCE: [ 23] . 
bSOURCE: Cotton and Wool Situation, USDA, ERS, November 1977. 
Government also is using a voluntary production control program 
through diversion of land from production of wheat, feed grains, and cotton. 
The 1978 declared levels for acreage diversions were 20 percent for wheat, 
10 percent for feed grains, and 20 percent for cotton. The objective be-
hind idling this land is to raise farm commodity prices by reducing produc-
tion, and thus, improving farm income. 
This study is directed towards estimation of potential production, 
income, expenditure, and price, for U.S. farm commodities in 1980 under 
alternative programs for different crops, including the government's 
declared pattern and level of land diversion. The crops included in 
the endogenous analysis are: wheat, feed grains (corn, sorghum, oats, 
8 
barley), soybeans, cotton, and silage. Other crops and livestock 
are handled exogenously. 
Objectives of Analysis 
The study estimates cost of alternative land diversion or set-aside 
programs when they follow different patterns such as (a) dispersion 
over the entire nation and (b) concentration regionally so that 
land diversion and given level of price support might be obtained at 
lowest costs. Interregional shifts in food production have been 
restrained over most of the past four decades by governmental policies 
tied to historic acreages and aimed at curtailing production. 
Important changes have taken place in population location, technology, 
factor prices, and other variables which otherwise alter the 
comparative advantage of producing regions. Institutional factors, 
however, have impeded some of the shifts that would otherwise take 
place under these changes. The specific objectives of this study are: 
(a) To indicate the amount and location of land to be withdrawn 
from wheat, feed grain and cotton production in 1980 under 
different policy alternatives. 
(b) To reflect an efficient allocation of production and land 
use under a minimum cost objective function for alternative 
adjustment or supply-control programs. 
{c) To estimatethenational derived market prices under each of 
program alternatives. 
9 
(d) To estimate production expenses and income from farming under 
each program alternative. 
(e) To estimate deficiency payments, government land diversion 
payments and consumers food costs under each of the alternatives. 
10 
II. MODEL FORMULATION 
Description of the Programming Model 
A linear programming model was formulated to produce initial base 
estimates to be used for the further analysis and to meet the objectives 
of the study. This national model describes the wheat, feed grains, soy-
beans, silage, and cotton production sectors of American agriculture. It 
incorporates an interregional comparative advantage production sector and 
requires the fulfillment of consumer demands in 31 consuming regions. 
Costs of production, crop yields, and consumer demands for the model are 
based on parameters estimated for the year 1980. The usual assumptions 
and limitations of linear programming apply to this model [1]. 
The programming model minimizes the cost of producing its endogenous 
commodities, viz. wheat, feed grains, soybeans, silage, and cotton in 150 
producing areas and of transporting them among 31 consuming regions. (The 
concept of a "producing area" and a "consuming region" based on the re-
gional delineations used in this study are given in the following section.) 
The model simulates production equilibrium in that the supply price of 
each crop commodity must cover the non-land costs of production of 
the commodity in each producing area. Market equilibrium is simulated 
in that the quantity of each commodity supplied must equal the demand 
for that commodity in each consuming region. 
Demands for spring and winter wheat, feed grains, silage, and oil-
meals are specified for 31 consuming regions. The demand levels 
specified for these five commodities (spring and winter wheat, feed 
11 
grains, oilmeals, silage, and cotton lint) are the summation of their 
estimated use as seed, livestock feed, domestic food, industrial inputs, 
and exports--both in raw and processed form. 
Transportation activities are defined to allow the production of a 
commodity in one consuming region to be used to satisfy the demand for 
that commodity in another consuming region. Potentially, there exist 
3lx30 = 930 transportation activities for each of the commodities for 
which regional demands are specified, or a total of 4x930 = 3,720 poten-
tial transportation activities. (Transportation activities are only de-
fined for spring and winter wheat, feed grains and oilmeals.) Patterns 
of historic grain movements and regional production potentials are used to 
reduce the number of transportation activities to 202 for spring wheat, 
467 for winter wheat, 458 for feed grains, and 476 for oilmeals. Rail 
rates reflect transportation costs between all consuming regions. No 
transportation costs are defined from producing areas to the center of their 
respective region. 
The production and demand for spring and winter wheat, feed grains and 
oilmeals are determined on a feed unit basis. 1 The feed unit concept is 
used to allow aggregation of the four feed grain crops (barley, corn grain, 
oats, and grain sorghum) to a single commodity. It also allows the demand 
for oilmeals to be satisfied by the production of either soybean oilmeal 
or cottonseed oilmeal. 
1 
One unit of corn = 1.0 feed unit; one unit of barley = 0.90 feed unit; 
one unit of oats = 0.90 feed unit; one unit of sorghum= 0.95 feed unit; 
one unit of wheat = 1.05 feed units; one unit of soybeans = 1.60 feed units; 
and one unit of soybean oilcake meal= 1.65 feed units [15]. 
12 
The programming model contains 307 equations and 2,214 real 
variables. Land in the 150 rural areas and demands specified by the 
31 consuming regions for winter and spring wheat, feed grains, oilmeals, 
and silage plus the national cotton lint demand serve as constraints 
for the equations. The real variables include crop production and 
transportation activities. 
Output of this programming model is used to provide data regarding 
the location of production and supply price for feed grains, wheat, 
soybeans, silage, and cotton for each of the alternatives. The 
expression of the model in its algebraic form is presented in the 
Appendix of this report. Figure 1 shows an abbreviated submatrix of 
the programming model. It includes two consuming regions, three producing 
areas, and two crops. Producing areas 1 and 2 are contained in the 
consuming region I while consuming region II contains only producing 
area 3. All of the three producing areas produce both of the crops 
a and b. This hypothesized case is representative of the national linear 
programming model used. 
Regional Delineations 
Within the contiguous 48 states, 150 producing areas have been 
delineated (Figure 2) for which crop production activities are defined. 
These producing areas are defined to be internally homogenous with 
respect to production possibilities. Factors considered to determine 
these production possibilities are soil type, climate, historic yields, 
and production costs. The 150 producing areas are contained within the 
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continental United States but do not completely encompass its entire 
land base. The areas not included in the 150 producing areas (called 
White Areas) accounted for only 3.64 percent of the total acreage 
under five crop commodities (wheat, feed grains, soybeans, cotton, and 
silage) endogenous to the programming model [25]. Thus, out of 256 
million acres of total available land for endogenous crops, 246 
million acres are used in the model for the analysis. 2 
Thirty-one separate consuming (or demand) regions (Figure 3) are 
defined for winter and spring wheat, feed grains, oilmeals, and silage. 
They follow state boundaries and are composed of either one state or aggre-
gations of several states. 
The third regional concept used in this study is the farm production 
region. The 10 farm production regions (Figure 4) entirely encompass the 
contiguous 48 states. Each producing area and each consuming region is en-
tirely contained in one of the farm production regions. Most of the results 
of the analysis are summarized at the 10 farm production region level. 
Alternatives Analyzed 
The major goal of this study is to examine the implications of 
several farm policy alternatives relating to land set-asides and target 
prices. Five alternatives, including the government's declared program 
2The White Areas produce 1.2, 4.7, 0.4, and 20.7 million tons of 
wheat, feed grains, soybeans, and silage, respectively, under all of the 
alternatives. 
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18 
under the Food and Agriculture Act of 1977, are analyzed. Characteristics 
of the five alternatives are detailed in Table 5. 
Four of the five alternatives assume limited resource mobility. 
In these four alternatives a minimum acreage restriction is imposed so 
that each of the 150 producing areas must produce at least 50 percent 
of each crop commodity (wheat, feed grains, soybeans, cotton, and 
silage) produced in the 1974-1976 period. 
Alternative A, the Base alternative 
This alternative includes no specific farm policy and provides a 
benchmark solution for comparison with the other four solutions. There-
fore, it is referred to as the base alternative. The land diversion is 
allowed to occur where it is least costly for the government in terms 
of payments for it. Crops are grown where they have the greatest 
comparative advantage, except for the restraint that no producing area 
can have less than 50 percent of the acreage for endogenous crops 
than it had in 1974-1976. Hence, land set-aside occurs, up to the 50 
percent limit, where it is least costly in government payments. It can 
concentrate by producing areas and regions. 
Alternative B 
This alternative is a supply control program which distributes the 
withdrawn land on set-aside unformily among all producing areas. It 
incorporates maximum acreage restrictions for wheat at 80 percent 
and for feed grains at 90 percent of their previous maximum harvested 
19 
Table 5. Descriptions of five model alternatives analyzed in this study 
Crop 
Commodity 
WHEAT 
FEED GRAINS 
SOYBEANS 
COTTON 
SILAGE 
a U.B. 
(Base) Alternative A 
u.s.a L.B. 
None 
None 
25 percent 
of total 
acreage in 
each pro-
ducing area. 
None 
None 
50 percent of its 
own acreage during 
1974-76 in each 
producing area. 
50 percent of its 
own acreage during 
1974-76 in each 
producing area. 
50 percent of its 
own acreage during 
1974-76 in each 
producing area. 
50 percent of its 
own acreage during 
1974-76 in each 
producing area. 
50 percent of its 
own acreage during 
1974-76 in each 
producing area. 
upper bound and L.B. = lower bound. 
(continued on next page) 
Alternative B 
U.B. 
80 percent 
of its own 
acreage dur-
ing 1974-76 
in each pro-
ducing area. 
90 percent 
of its own 
acreage dur-
ing 1974-76 
in each pro-
ducing area. 
25 percent 
of total 
acreage in 
each produc-
ing area. 
None 
None 
L.B. 
50 percent 
of its own 
acreage dur-
ing 1974-76 
in each pro-
ducing area. 
50 percent 
of its own 
acreage dur-
ing 1974-76 
in each pro-
ducing area. 
50 percent 
of its own 
acreage dur-
ing 1974-76 
in each pro-
ducing area. 
50 percent 
of its own 
acreage dur-
ing 1974-76 
in each pro-
ducing area. 
50 percent 
of its own 
acreage dur-
ing 1974-76 
in each pro-
ducing area. 
20 
Alternative c Alternative D Alternative E 
U.B. L.B. U.B. L.B. U.B. L.B. 
80 percent 50 percent 77.5 percent 50 percent None None 
of its own of its own of its own of its own 
acreage dur- acreage dur- acreage dur- acreage during 
ing 1974-76 ing 1974-76 ing 1974-76 1974-76 in 
in each pro- in each pro- in each pro- in each pro-
ducing area. ducing area. ducing area. ducing area. 
90 percent 50 percent 90 percent 50 percent of None None 
of its own of its own of its own its own acre-
acreage dur- acreage dur- acreage dur- age during 
ing 1974-76 ing 1974-76 ing 1974-76 1974-76 in 
in each pro- in each pro- in each pro- each producing 
ducing area. ducing area. ducing area. area. 
25 percent 50 percent Maximum of 50 percent of None None 
of total of its own 1974-76 acre- its own acre-
acreage in acreage dur- age that went age during 
each pro- ing 1974-76 under soybean 1974-76 in 
ducing area. in each pro- production in each producing 
ducing area. each producing area. 
area. 
80 percent 50 percent 80 percent of 50 percent of None None 
of its own of its own its own acre- its own acre-
acreage dur- acreage dur- age during age during 
ing 1974-76 ing 1974-76 1974-76 in 1974-76 in 
in each pro- in each pro- each producing each producing 
ducing area. ducing area. area. area. 
None 50 percent None 50 percent of None None 
of its own its own acre-
acreage during age during 
1974-76 in 1974-76 in 
each produc- each producing 
ing area. area. 
21 
acreages in each of the 150 producing areas. Hence, set-aside is 
spread uniformally over all producing areas. The maximum acreage 
that can go into soybean production is 25 percent of the total land 
available in each of the 150 producing areas. No maximum acreage 
restriction is incorporated for cotton and silage. Also, no 
producing area can have less than 50 percent of the acreage for 
endogenous crops than in 1974-1976. Thus, this program has 10 
percent and 20 percent set-aside for feed grains and wheat, respectively. 
Alternative C 
Alternative C simulates the government's declared set-aside 
program under the Food and Agriculture Act of 1977. This alternative 
supposes that land set-aside to reduce production and increase 
commodity prices will be distributed over all producing areas in the 
manner of previous programs. The restrictions on acreage usage here 
are the same as in Alternative B, except for cotton which restricts 
the usage of its acreage to the maximum of 80 percent of 1974-1976 
in all producing areas. Thus, this alternative has a 10 percent 
set-aside for feed grains and 20 percent set-aside for wheat and cotton. 
Alternative D 
Examination of the maximum acreage restriction that can be imposed 
on the wheat crop with respect to its usage while fixed demands are 
met is carried on in this alternative. It is found that at least 
77.5 percent of available land harvested for wheat in the previous 
22 
years is needed to fulfill the given demand for this crop. Except for 
soybeans, all other restrictions on acreage usage are the same as in 
Alternative C. Soybeans can use no more acreage than of 1974-1976. 
In effect, this alternative is a 10 percent set-aside for feed grains, 
a 22.5 percent set-aside for wheat, and 20 percent set-aside for cotton 
or land withdrawal programs to reduce supplies in each producing area. 
The set-aside land is distributed uniformally over all relevant 
producing area. 
Alternative E 
This alternative incorporates no restriction on production 
activities and allows expression of the farming and consuming sectors 
when complete resource mobility is permitted (a purely long-run 
situation). Thus, except for this alternative, in all others the 
complete mobility of resources from agricultural to nonagricultural 
uses is restricted to represent different situations under short-run 
conditions of the U.S. agriculture. This alternative still represents 
a supply control on land set-aside program, however. It does so 
since the demand levels met are the same as for the other alternatives 
above. Alternative E lets land set-aside take place in those regions 
which have lowest comparative advantage in producing the respective 
crops (i.e., those which have the highest relative costs of production 
per unit of crop). Thus the geographic distribution of the set-aside 
is one which will minimize the costs of restraining crop supplies to the 
stated levels. 
23 
III. PARAMETER VALUES 
A large number of parameters were estimated in executing this 
study. One set of parameters deals with commodity demand. Livestock 
consumption and exports are two major sources of grain demands. 
Estimates of these demands at the national level are summarized in this 
section. An explanation of the demand estimates for crop commodities 
follows. A complete discussion of the procedures used in formulating 
fueprogramming model is presented in [7). Cost coefficients, yields 
and demand equations have been updated to recognize the recent status 
of the farm economy. 
Livestock Product Consumption 
The feed grains and soybeans used by livestock is a major 
portion of the total demand for these crops. To calculate this 
derived feed demand, estimates were made of per capita consumption 
of livestock products and are presented in Table 6 for the several 
alternatives. The total population of 223.5 million is used for 1980. 
Disposable income per capita is at a trend level of $5,866 for 1980 
(in 1975 dollars). 
At higher levels of feed prices in some alternatives, livestock 
production is curtailed and livestock product prices increase. 
Consumption of livestock products declines accordingly. Table 7 
presents estimated farm prices (in 1975 dollars) for different livestock 
products in 1980 under the various alternatives. With prices of beef 
and pork at lower levels in Alternative A and E, consumption is 
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26 
higher in these alternatives. In Alternatives B-D, broilers, lamb, 
and turkeys are substituted for beef and pork consumption. The total 
estimated demand for wheat by livestock is 9.0 million tons [26]. 
Export Demand for Crop Commodities 
Export demand for wheat, feed grains, and soybeans has been fairly 
high and stable since the 1974-75 marketing year. This study assumes 
exports at 1974-1976 average levels for 1980. Exports for 1980 are 
956 million bushels of soybeans and soybean products (in bean equivalent), 
44 million tons of feed grains, and 1,077 million bushels of wheat for 
all alternatives. 
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IV. RESULTS 
The solutions to the programming model result in a large amount of 
data on commodities, resource us~ and prices. Because of the space limita-
tions, however, only estimates of the variables of our prime interest are 
presented. 
National Acreage, Output and Yields 
For each model alternative, estimates of national production, acreage, 
and yield for wheat, feed grains, soybeans, cotton, and silage are directly 
derived from the programming model (see Table 8). 
The primary objective of this study is to analyze possible effects 
of compulsory and voluntary land retirement programs of different magnitudes 
on the farm economy and consumers. Alternatives A and E are alternatives 
which disperse land retirement over the country so that production is re-
duced, as compared to 1977, at locations where it is least costly to retire 
land from crop production. Since production is reduced as compared 
to 1977, the land diversion is spread among producing areas in a 
least-cost manner. The other three alternatives assume different 
levels of upper bound restrictions on acreage for certain particular 
crop commodities in each of the 150 producing areas. Hence, they 
distribute the set-aside uniformally over all producing areas. 
Alternative C simulates the government's declared program under the 
Food and Agriculture Act of 1977. 
28 
Production of wheat and cotton are 1,754.2 million bushels and 
11.5 million bales, respectively, for all alternatives (Table 8). 
Slight variations in the production of other crops are caused by 
changes in the demand for grain by livestock as prices of the latter 
change among alternatives or solutions. 
Prices and quantities for crop commodities in the model are 
consistent with livestock quantities and their prices. The 
procedure used is as follows: Initially, a set of fixed level 
demands for the commodities were specified, using the procedure 
described in the previous chapter. Solutions to the linear programming 
model using the above demand levels generate supply prices for all 
commodities. These supply prices were then used to obtain corresponding 
prices for livestock products. New livestock demand levels were then 
obtained for the prices resulting in the previous step. From these 
livestock quantities, demand for feedstuffs were determined and the later 
levels were used to obtain a new solution to the programming model. This 
procedure continues until a solution is achieved which gives the supply 
prices for crops which is the same as in the previous solution. 
Alternative A is used as a benchmark solution for comparisons with 
other alternatives. This alternative uses 208.7 million acres of crop-
land for the endogenous crops, 37.1 million acres less than in 1978. 
The reduction in acreage for Alternative A is approximately 15.1 
percent from the 1978 acreage. Wheat, feed grains, soybeans and 
cotton acreages are reduced in this alternative by 7.1, 15.3, 12.6, and 
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30 
3.8 million acres, respectively, from 1978 which was a year of high 
yields. Production of the crops, except silage, decreases from 
1978 as shown in Table 8. 
Alternative E reduces crop production in the least-cost manner. 
It allows crops to be produced where they have the greatest 
comparative advantage. It has no restriction limiting the amount of 
land which can be retired from any endogenous crop in any producing 
area. Hence, land diversion or set-aside concentrates regionally in 
a manner which would minimize the costs of obtaining supply control. 
Of the five alternatives, Alternative E uses the smallest acreage 
to meet the specified demands. It uses almost 48 million fewer acres 
of land then were used in 1977. It also requires approximately 11 
million fewer acres than Alternative A. Alternative E produces 1.3 
million tons of feed grains more than Alternative A but uses 4.2 
million fewer crop acres. Since no minimum acreage restriction is 
imposed in Alternative E, it allows production to occur in areas 
where yields or location are most favorable relative to costs. Table 8 
shows higher yields for all the crop commodities in Alternative E 
than in other alternatives. 
Alternative B requires about 5 million acres more land than 
Alternative A but, about 31 million acres less than was used in 1978. 
This alternative produces the same amount of wheat and cotton but 
produces somewhat less feed grains, soybeans and silage as compared 
to Alternative A. 
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Alternative C simulates the 1977 announced set-aside programs for 
wheat, feed grains, and cotton at the levels of 20 percent, 10 percent, 
and 20 percent, respectively. It assumes that land withdrawal or set-
aside takes place uniformly over all produ~ing areas and, therefore, 
everyone is eligible to benefit from the target prices. Wheat, feed 
grains, and cotton acreages increase by approximately 2.5, 3.4, and 
1.0 million acres, respectively, over Alternative A. In Alternative 
C, production and yields are at almost the same levels for all five 
crop commodities as in Alternative D. 
Regional Distribution of Crop Acreage 
and Production 
National acreage and production for each alternative were 
discussed in previous sections. The model also allows comparisons of 
acreage for the 10 farm production regions under each alternative 
(or even each of 150 producing areas of Figure 2, but for space 
limitations the latter is not done). The 10 farming regions are those 
used by the U.S. Department of Agriculture and shown in Figure 4. 
Each policy alternative analyzed represents a certain restriction on 
acreage use by crops (Table 5). Therefore, shifts in the regional 
production pattern among alternatives are expected. These shifts in 
production can, or course, have great impacts on a regions' economic 
base. For each of the model alternative, Tables 9-13 present acreage 
distributions for crops at the regional levels. Table 14 gives the 
total acreage used in producing the five crops viz., wheat, feed grains, 
soybeans, cotton, and silage. 
T
ab
le
 9
. 
E
st
im
at
es
 o
f 
ha
rv
es
te
d 
a
c
re
s
 
fo
r 
w
he
at
 f
or
 e
a
c
h 
o
f 
th
e 
fi
ve
 m
o
de
l 
a
lt
er
n
at
iv
es
 f
or
 t
he
 
U
ni
te
d 
S
ta
te
s 
a
n
d 
fo
r 
e
a
c
h 
o
f 
th
e 
10
 f
ar
m
 p
ro
du
ct
io
n 
re
gi
on
s 
fo
r 
19
80
 
Fa
rm
 
19
78
a 
M
od
el
 A
lt
er
na
ti
ve
s 
fo
r 
19
80
 
R
eg
io
n 
A
ct
ua
l 
A
 
B 
c 
D
 
E 
(th
ou
sa
nd
 a
c
re
s
) 
N
or
th
ea
st
 
48
9.
0 
55
3.
2 
88
5.
1 
88
5.
1 
85
7.
4 
C
or
n 
B
el
t 
3,
76
5.
0 
4,
79
0.
4 
5,
44
8.
9 
5,
44
8.
9 
5,
27
8.
7 
2,
80
2.
6 
L
ak
e 
S
ta
te
s 
3,
27
1.
0 
5,
44
7.
5 
3,
78
1.
2 
3,
62
7.
7 
3,
71
8.
1 
7,
81
5.
9 
A
pp
al
ac
hi
a 
75
9.
0 
1,
53
9.
2 
77
8.
0 
77
8.
0 
75
3.
7 
2,
06
3.
4 
So
ut
he
as
t 
27
5.
0 
1,
30
7.
9 
30
1.
9 
31
8.
0 
30
8.
1 
1,
27
5.
6 
D
el
ta
 S
ta
te
s 
38
2.
0 
45
3.
6 
64
0.
0 
63
1.
0 
70
3.
1 
58
.9
 
So
ut
he
rn
 P
la
in
s 
8,
10
0.
0 
6,
19
7.
6 
8,
79
3.
7 
8,
79
3.
7 
9,
39
0.
1 
5,
17
3.
4 
w
 
N
 
N
or
th
er
n 
P
la
in
s 
25
,4
25
.0
 
19
,0
02
.0
 
19
,9
26
.7
 
19
,8
36
.6
 
19
,8
02
.6
 
19
,2
92
.6
 
M
ou
nt
ai
n 
9,
52
3.
0 
5,
63
0.
3 
7,
90
0.
0 
8,
02
7.
4 
7,
82
1.
8 
4,
08
9.
3 
P
ac
if
ic
 
4,
85
0.
0 
4,
79
5.
5 
3,
83
2.
2 
3,
83
2.
2 
3,
71
2.
5 
5,
11
3.
9 
T
ot
al
 
(U
ni
te
d 
S
ta
te
s)
 
56
,8
39
.0
 
49
,7
17
.2
 
52
,2
87
.7
 
52
,1
78
.6
 
52
,3
46
.1
 
47
,6
85
.6
 
aS
OU
RC
E:
 
[1
7]
 · 
33 
Regional distribution of wheat acreage 
Table 9 presents the estimates of the regional distribution of 
acreage under wheat crop for all the model alternatives. 
Alternative A No upper limit on regional production level 
was used for Alternative A. Hence a large shift in the acreages took 
place among the 10 farm producing regions as compared to 1978. 
Although the Northern Plains remains the largest wheat-producing 
region, there is a decline of 25.3 percent from the 1978 acreage. 
Acreage increased by 376 percent in the Southeast. 
Alternative B The inclusion of an upper limit on land used for 
wheat results in a 5 percent increase in national acreage over 
Alternative A. The upper limit on acreage in one region shifts 
production to other regions with lower yield to satisfy the fixed 
demand. Accordingly, more land is required to meet the given levels 
of demand and crop prices. For this reason, wheat acreages decreased 
in Appalachia, the Southeast, Pacific, and Delta States substantially 
as compared to Alternative A, to satisfy the upper limit on production 
in Alternative B. For Alternative B, C and D, land set-aside is 
distributed uniforrnally over the nation. (It cannot concentrate by 
region as in A and E). 
Alternative C and D Wheat acreage decreases in the Lake States, 
Southeast, and the Pacific as compared to Alternative A. But the wheat 
acreages stay approximately at the same levels for these regions when compared 
with 1978 harvested wheat acreages. Under Alternative C, both Northern 
34 
Plains and Southern Plains show increases of 4.4 percent and 42 percent 
in their wheat acreages over Alternative A. 
Alternative E There are no restrictions on production, either 
lower or upper, under this alternative. Hence, the production occurs 
in the least cost and highest yield producing regions. Hence, 
Alternative E's wheat acreage is 4 percent and 16 percent less than 
Alternative A and 1978, respectively. The Corn Belt reduces its 
acreage by 41.5 percent compared with Alternative A. 
Regional distribution of feed 
grains acreage 
Estimates of the acreage under feed grains at the regional level 
for each of the five alternatives along with the actual level in 1978 
are presented in Table 10. 
Alternative A Except for the Corn Belt and the Southern Plains, 
decreases in land used for feed grains, from the 1978 levels, occur. 
The Corn Belt and the Southern Plains increase feed grain acreage 
over the 1978 level by 12.0 percent and 46.6 percent, respectively. 
Alternative B Except for the Corn Belt and the Southern Plains, 
acreage increases in all production regions as compared to Alternative 
A, since the latter allows land set-aside to concentrate by region. 
Alternative C and D These alternatives, which cause land 
set-aside to be distributed among all regions, show almost the same 
acreage distribution over the different farm regions. The Southeast, 
Northern Plains, and Pacific farm regions have about 65.4 percent, 33 
percent, and 66.9 percent more acres, respectively, than under Alternative A. 
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Alternative E A drastic reshuffling in the feed grain acreage 
occurs under this alternative which allows land set-aside (supply control) 
to concentrate by regions. The Southeast, Pacific and Delta States 
produce no feed grains. Reduction in the acreages also occur in the 
Northeast, Lake States, Appalachia, and the Northern Plains compared 
to 1978. 
Regional acreage distribution of other crops 
Tables 11, 12 and 13 show regional distributions for soybeans, 
cotton and silage respectively. The differences among alternatives 
parallel those for other crops already discussed. The interregional 
patterns conform with the nature of the set-aside programs supposed 
for each alternative. (In Alternatives A and E, set-aside or supply 
control is allowed to concentrate by regions; in Alternative B, C and 
D land set-aside is forced more uniformly over all regions). 
The distribution of set-aside land 
The various alternatives provide for different regional 
distributions of land set-aside or supply control. All alternatives 
provide about the same level of crop production and supply control. 
However, under somewhat different conditions, Alternatives A and E 
allow land set-aside to occur where it would be least costly. Hence, 
it becomes concentrated by regions where crop production has smaller 
comparative advantage. These types of programs would require a smaller 
public payments for supply control than would programs which cause 
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supply control to be spread more evenly over all land areas. In contrast, 
Alternatives B, C and D require land set-aside to be spread more evenly 
over all regions and land classes. While this type of distribution 
would require a greater public payment for supply control, it would 
have a smaller economic impact in the nonfarm economy of regions where 
supply control occurs. 
The total acres of set-aside land are 38.3 million for Alternative 
A 32.3 million for Alternative B, 31.1 million for Alternative C, 
32.4 million for Alternative D and 48.9 million for Alternative E. 
Alternatives A and E have a greater average of set-aside land because 
it occurs where crop production has lowest comparative advantage and 
costs of attaining with holding land from production would be lowest. 
Since Alternatives B, C and D require that set-aside by scattered 
more or less evenly over the country, they take more productive as well as 
less productive land out of use. Fewer acres of set-aside thus are 
needed to attain given levels of supply control and prices. 
Contrasts in the regional distribution of set-aside land are shown 
in Figures 5, 6 and 7 for Alternatives A, D and E respectively. 
(The patterns forB and Care somewhat similar to D). The greatest 
concentration of set-aside land occurs under E since it places no 
restriction on the amount of crops which must be produced area the 
amount of land which can be withdrawn in any producing area. (Alternative 
A requires that each producing area must produce at least 50 percent 
as much of each crop in each producing area as in the period 1974-76. 
Alternative E does not have this 50 percent requirement). 
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Whereas set-aside land is spread evenly over the United States 
in Figure 6, it is highly concentrated in the Great Plains, Southern 
Cornbelt, Appalachian and Southeast regions in Figure 7. The 
land retirement pattern shown for Alternative E in Figure 7 is the one 
which would give the lowest treasury cost of supply control. However, 
because of its concentration by locations, it also required rise to 
questions of income equity. Farmers in particular regions would 
provide the nation's supply control. If the program were voluntary 
and payments to them, along with higher market prices from control, 
caused their income to maintained as increased, their welfare would be 
protected. However, inequitable conditions would arise for nonfarm 
businesses and persons in these regions of concentrated set-aside 
land. With land diverted from field crops, rural community trade, 
and employment in supplying farm inputs, processing agricultural 
commodities and supply farm family services would decline. These 
potential problems are discussed later. 
Prices 
Commodity prices for the five alternatives are provided in Table 
14. The model was set up to give approximately the same level of 
commodity production and prices under the several alternatives. The 
national supply prices from the model approximate equality. Due 
to reduced production, the supply prices in all the alternatives are 
higher than actual 1978 prices. 
45 
Table 14. Estimated market prices for wheat, feed grains, soybeans, 
and cotton in 1980 along with their target, support, and 
actual 1978 prices for comparison. All prices are in 
constant 1975 dollars 
Government Model Alternative Prices 
1978a Target Loan 
Unit prices price rate A and E B, C, and D 
Wheat $/bu. 2.48 3.00 1.98 2. 71 2. 71 
Feed grains $/bu. 1.85 1.85 1. 76 2.27 2.28 
Soybeans $/bu. 5.53 3.96 6.48 6.48 
Cotton ¢/lb. 48.00 0.46 0.42 44.00 44.00 
aSOURCE: Agricultural Outlook, USDA, ERS, Jan.-Feb. 1979. 
Government Payments 
Land set-aside or retirement schemes to attain supply control, 
if conducted on a voluntary basis, require some fo.rm of public payment 
by the public to farmers to bring about implementation of the program. 
Government payments are computed in this study for the five set-aside 
alternatives. The payments include (a) a deficiency payment and 
(b) a direct payment for the diverted land (set-aside acreage). The 
deficiency payment is the difference between the target price and the 
market price of the commodity and is paid for commodities where the 
latter is less than the former. The direct .payment is calculated as 
the estimated net return per acre from the various crops within each 
producing area where they are grown. 
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Estimated average national payments per acre for the five alterna~ 
tives are presented in Figure 8. The highest average payment per acre 
is for Alternative D while the lowest is for Alternative E. Payment 
per acre is lower under Alternatives A and E because of the retirement 
of least productive land under these alternatives. It is lower under 
E than under A because there are not minimum acreage restraints under 
E. Direct payments on marginal land under Alternatives A and E are 
estimated as 568.2 and 436.9 million dollars only (Table 15). On the 
other hand, when land retirement is dispersed over the nation, the 
cost of supply control is greater as indicated for Alternatives B, C 
and D. Direct payments on retired land for Alternatives B, C and D 
are 1,667.1, 1,787.9, and 2,832.8 million dollars respectively 
(Table 15). 
Total payments for both deficiency and direct payments for the 
different alternatives are estimated in Table 15. Alternative E which 
allows land set-aside to fully concentrate by region has the lowest 
program payment of 953.1 million dollars, followed by A with 1,084.4 
million dollars. Alternative D which spreads set-aside most evenly over 
the country has the highest total program cost. 
Farm Expenses and Return 
Table 16 indicates estimated U.S. farms receipts, production 
expenses and net farm income for the five alternatives along with 
actual 1978 values. All 1980 alternatives have higher net receipts 
from marketing than in 1978 because of higher market prices. Alternatives 
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Table 15. Estimates of total payments to the producers under set-aside 
and deficiency payment programs in 1980 for each of the five 
policy alternatives 
Model Alternatives 
A B C D E 
(million dollars)b 
Deficiency payment 516.2 516.2 516.2 516.2 516.2 
Direct payment on 1,607.8 
diverted land 568.2 1,667.1 1,787.9 2,316.6 436.9 
Total 1,607.8 1,084.4 2,183.3 3,304.1 2,832.8 953.1 
aSOURCE: Agricultural Outlook, USDA, ERS, Jan.-Feb. 1979. 
b In constant 1975 dollars. 
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A and E give about the same level of net farm income as in 1978 when a 
modest set-aside or supply control program also was in affect. 
Alternatives B, C and D have somewhat higher levels of net farm income 
due to higher livestock receipts and considerably higher government 
payments. 
Analysis of Returns from Model 
Endogenous Crops of the Farm Sector 
Since the present study primarily deals with the impact of 
different policy alternatives on variables related to the endogenous 
crops (wheat, £~grains, soybeans, cotton and barley), it is of 
interest to analyze net returns and net return per acre from these 
endogenous crops separately. Net returns presented in Table 17 are 
estimated after subtracting the total variable costs from the total 
return from endogenous crops based on their estimated market prices. 
All model alternatives yield higher net cash receipts from 
farm marketing of endogenous crops as compared to 1978 because of their 
higher estimated market prices. Alternative A's yield 13.7 billion 
dollars of net cash receipts is 9.8 percent higher than the 1976 
situation. Nationally, Alternative E has the highest net return from 
endogenous crops. This is true because crops are distributed according 
to their greatest comparative advantage and have the lowest production 
costs of all alternatives. However, if the government payments from Table 
16 are added to the net return of Table 17, total returns from endogenous 
crops are very close in magnitude for all of the alternatives. 
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Consumer Food Costs 
Consumer food costs under the five alternatives are included in 
Table 18. Per capita foor costs are very similar under all of the 
alternatives. Hence, consumer impacts should have little influence on 
selecting among alternatives such as those presented. 
Rural Community Equity 
Estimates for five alternative set-aside or supply control programs 
show little difference in consumer food costs but sizeable costs in 
government costs to implement the programs. Costs are highest 
for those programs which distribute set-aside or supply control evenly 
over the nation and among land classes of all productivities. There 
are lowest for set-aside alternatives which allow land retirement to 
concentrate regionally where crop production has lowest comparative 
advantage because of crop yields and transportation costs. A pattern 
of payments could be devised which would leave all farmers as well 
off financially under the concentrated system of land retirement. 
However, as mentioned previously, while income equity might be 
attained among farmers of different locations, this still would not be 
true for other businesses and persons in rural areas. With land 
retirement concentrated by regions, the areas of set aside would require 
much lower expenditures on tractor fuel, machinery, fertilizer, seed 
and other farm imports. Potentially, too, the farm work force would 
decline more rapidly due to the idling of land. Hence, local businesses 
and services would suffer from reduced sales of both production goods 
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54 
and consumers goods to farm families. This negative impact could be 
partially offset if the savings in farm program payments under 
concentrated set-asides were diverted to rural community aids in the 
respective locations. Even aside from agricultural supply programs, 
some rural areas are in need of assistance to upgrade human 
services employment opportunities and community environment generally. 
Hence, there is basis for programs to combine the two types of 
programs so that the public outlays for supply control and income 
support of farmers can be partially diverted into rural community 
improvement. 
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SUMMARY 
This study examines possible impacts of five alternative 
land set-aside or supply control programs. Alternatice C simulates 
the supply control and income supports of the Food and Agricultural 
Act of 1977. It distributes land set-aside uniformally over the 
nation and among land classes as has been true historically for U.S. 
classical farm supply control programs. It limits the upper amount 
(V.B.) that·program crops can occupy in each producing area. However, 
it also places a minimum limit (L.B.) on the amount of crop which 
can be grown in each producing area. Alternatives B and D are similar 
to C and only differ in the minimum or maximum amount of land which 
can be produced in each producing area. 
In contrast, Alternative E allows land retirement to concentrate 
by regions. Hence, land can be retired, with compensation to farmers, 
over the entire region. Land retirement tends to concentrate in 
regions of low comparative advantage in crop production because of 
unfavorable yields or transportation costs. Alternative A also 
allows a major amount of set-aside concentration by region, but less 
so than Alternative E. In Alternative A, no producing area can reduce 
its crop acreage below 50 percent of the 1974-76 average. 
To provide quantitative estimates for these alternatives, an 
interregional linear programming model including the wheat, feed grains 
(corn, sorghum, oats, and barley), soybeans, cotton, and silage sectors 
of American agriculture was used. This model incorporated an interregional 
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comparative advantage production sector, a transportation submodel, 
and fulfillment of consumer demands in 31 market regions as well as 
export demands. Production costs, crop yield, and consumer demands 
in the model are based on parameters estimated for the year 1980. 
For each alternative studied, the programming model provides estimates 
of the value of key farm and nonfarm variables. Variables directly 
involved include farm commodity prices, production quantities and 
location, acreages, yields, production expenses, and farm income. 
Nonfarm variables discussed include consumer food expenditures and 
government payments for supply control and for supporting farm income. 
All prices, incomes, and expenses are estimated and reported in 1975 
constant dollars. 
The total acres of set-aside land is 48.9 million acres under 
Alternative E which allows land to be retired where the cost of 
doing is the least. It is 38.3 million acres for Alternative A which 
allows some regional concentration but does require that each 
producing area have at least 50 percent of its 1974-76 crop acreage. 
Alternatives B, C and D require land set-aside to be spread uniformally 
over the nation and dispersed among all producing areas. The amount of 
land retired under these three alternatives is 32.3, 31.1 and 32.4 
respectively. Alternative E, and to an ex~ent Alternative A, 
concentrates land set-aside in the Great Plains, Appalachian, certain 
Southeast and Northeast Regions. 
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The various alternatives have varying levels of government payments 
to emplement them. All have a deficiency payment of 516.2 million to 
account for differences between target prices and estimated market 
prices. In addition, each alternative has a direct payment to 
compensate farmers for idling their land under the set-aside programs. 
The payment per acre is based on the estimated net income per each 
crop in each of the producing areas. When these payments are summed, 
Alternative E has the lowest government costs for attaining the set-
aside which gives the same levels of crop production and commodity 
prices as the other alternatives. Total government costs are 953.1 
million for Alternative E. They are lowest because the alternative 
allows set-aside land to occur where it would cost least to get it 
out of production and attain given levels of commodity outputs. 
Alternative A, with some regional concentration of set-aside allow, has 
the next lowest government costs at $1,084.4 million Alternative B, C 
and D which disperse set-aside over all areas of the country have 
total government costs of $2,183.3 million, $2,304.1 million and 
$2,832.8 million respectively. Their costs are higher because they 
take both the most productive and the least productive lands out of 
production. Excluding land rents, the ratio of net return to unit 
yield is highest on the more productive land. Hence, the costs of 
supply control are higher when side-aside encompasses the nation's 
most productive land. 
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Alternatives A and E provide an estimated 1980 net farm income 
for the United States approximating that of 1978 realized net farm income. 
Alternatives B, C and D have somewhat higher net farm income due to 
larger government payments and somewhat higher receipts from livestock 
marketings. When net returns from only the endogenous crops of the 
study (wheat, feed grains, soybeans and cotton) are considered, 
Alternative E has the highest return -- followed by Alternative A. 
Net return from endogenous crops is higher under these alternatives 
than under B, C and D because crops are grown where they have greatest 
comparative advantage and lowest costs per unit of output. 
Per capita food costs do not differ significantly among the 
set-aside alternatives. Hence, supply control can be programmed to 
lessen government costs without important economic impacts on 
consumers. 
A set-aside program which minimizes government costs to attain 
given levels of crop production and costs also can maintain income 
equity among farmers. It can do so if it provides payments to 
farmers in regions of concentrated land retirement to more than 
offset reductions in market receipts and deficiency payments. 
However, it will not maintain income equity among other persons of 
rural communities. In those regions where crop production is continued 
in the normal manner, local businesses and service institutions will 
realize normal financial transactions with the farm sector. But 
in regions where land set-aside is allowed to concentrate, farmers will 
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reduce their purchase of tractor fuel, machinery, chemicals, seeds 
and other farm inputs. The less intensive farming also could reduce 
the farm population and its demand for consumers goods and services 
in the local community. Consequently, a decline in nonfarm 
employment and income could be expected in regions of concentrated land 
set-aside. These negative economic impacts could be partially offset 
by diversion of some of the savings from the reduced payments for 
farm programs to upgrading employment opportunities, human services and 
the general social environment of the rural community. Possibilities 
do exist for simultaneously creating farm income support programs and 
rural community improvement programs in traditional agricultural regions. 
Trade-offs between the amount of one goal sacrificed as another 
is achieved must be compared in deciding upon the type and extent 
of programs to be enacted. No program is an "either or" choice. The 
rate at which one goal is sacrificed for another increases or decreases 
for different degrees of changes in the programs. It is these different 
rates which are important in deciding on the combination of land 
retirement adjustments in rural communities and the treasury costs and 
farm income which is optimum or preferable. The data of this study have 
been provided to indicate some magnitudes of these trade-offs among 
different programs. 
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APPENDIX: 
MATHEMATICAL STRUCTURE OF THE MODEL 
In this cost-minimization model, the objective of the production 
problem is to find a set of x.'s such that the function 
J 
f(c) = ex 
is minimized subject to the following constraints: 
Ax > b 
X > 0 
(1) 
(2) 
(3) 
where: x is a column vector of production and transportation 
activities; c is a row vector of unit costs for those activities; 
A is a matrix of transformation coefficients; and b is a column 
vector of resource restraints and demand requirements. 
The allocation question is resolved using the system represented 
in equations 1, 2, and 3. The pricing question is solved using the 
dual formulation of that system. The dual problem can be described 
as: 
Maximize g(P) = Pb (4) 
Subject to PA < c (5) 
p > 0 (6) 
where: P is a row vector of land rents and supply prices for the 
products; and b, A, and c are as defined previously. 
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This programming model and construction of the coefficients are 
detailed in Sonka [8], Sonka and Heady [9], and Heady, Faber and 
Sonka [5]. All the coefficients in the model have been updated 
for meeting the requirements of this study. 
The mathematical structure of the model is the same for all 
alternatives considered in this study. Factors which do vary among 
the alternatives are the assumptions concerning the bounds on 
the values of the production activities. 
Equation 7 is the objective function to be minimized in the model: 
150 5 
f (c) 2: 2: 
i=l j=l 
c .. X •• + 
1] 1] 
31 31 6 
2: 2: 2: 
f=l m=l r=l 
T Z 
mfr mfr (7) 
where: C .. is the cost per acre of producing the jth crop activity 
1] 
in the ith producing area (j = 1, 2, 3, 4, 5 for wheat, feed grains, 
soybeans, cotton, and silage, respectively); X .. is the number of 
1] 
acres of the jth crop activity in production in the ith producing 
area; 
(from) 
T f is the cost of transporting one ton of the rth commodity to 
m r 
the mth demand region from(to) the fth demand region (m ~ f, r = 1, 
2, 3, 4, for spring and winter wheat, feed grains, and oilmeals, 
. 1 ) d z . h f h th d" d respect1ve y ; an f 1s t e tons o t e r commo 1ty transporte 
m r 
from(to) the mth demand region to(from) the fth demand region. 
Production of the crop commodities is restrained by the total 
cropland available in each producing area, equation 8: 
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5 
L. > r X •• (8) 
~- j=l ~J 
i = 1, 2, ... ' 150, 
while the production of soybeans is additionally restrained by an 
agronomic restraint, equation 9: 
Xi3 < A.L. 
- ~ ~ 
i = 1' 2' ••• ' 150' 
(9) 
where: L. is the total acreage of land available for the five crop 
~ 
d . · i h · th d . A . h . f h t 1 commo ~t~es n t e ~ pro uc~ng area; . ~s t e proport~on o t e to a 
~ 
amount of land available to soybean production in the ith producing 
area (A.= 0.25 for all producing areas); and X .. is defined before. 
~ ~J 
In addition to the upper limits on production in equations 8 and 9, 
minimum production restraints are imposed in each producing area as in 
equation 10: 
X •• > sB .. 
~J ~J 
(10) 
i = 1, 2, ••. , 150 and 
j = 1, 2, 3, 4, 5, 
where: s assumes the value 0.5 for all the crop activities and for all 
the producing areas; Bij is the maximum of 1974-1976 harvested acreage 
of the jth crop activity in the ith producing area; and X .. is defined 
~J 
as before. 
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This restriction has been removed in one alternative to allow complete 
resource mobility among crops by regions. 
An additional restriction varies from one alternative to another 
alternative depending on the policy objectives: 
X •. < K.B .. 
1] J 1] (11) 
i 1, 2, •.. , 150 and 
j 1,2,3,4, 
h K 1 f .th h' h . f 1 . w ere: . assumes a va ue or J crop w 1c var1es rom one a ternat1ve 
J 
to another. There is no upper bound used for silage; and B .. and X .. 
1] 1J 
are defined as before. 
Equation 7 is minimized subject to the following additional 
linear demand restraints: 
n 31 
Dml ~ E Y.lx.l + E z mfl i=l 1 1 - t=l 
(12) 
m 1, 2, ... ' 31 
t :f m 
n 31 
Dm2 < E Y .2x.l + E z i=l 1 1 - t=l mf2 
(13) 
m 1, 2, ... , 31 
f :f m 
n 31 
Dm3 < E Y ·3x.2 + E z 
i=l 1 1 - f=l mf3 
(14) 
m = 1, 2, 3, •.. , 31 
f :f m 
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(15) 
m = 1, 2, ... , 31 
f 'I m 
(16) 
(17) 
th 
where: n is the number of producing areas in the m consuming region; 
D . h f h th d. d d . h th . ~s t e tons o t e r comma ~ty eman ~n t e m consum1ng 
mr 
region (r = 1, 2, 3, 4, 6 for spring wheat, winter wheat, feed grains, 
oilmeals, and silage, respectively); n5 is the national demand for 
cotton lint (in 480 lb. per bale); Y. is the yield in tons (except 
~r 
for the cotton lint which is in 480 lb. bales) of the rth commodity 
in the ith rural area (r = 1, 2, 3, 4, 5, 6 for spring wheat, winter 
wheat, feed grains, oilmeals, cotton lint, and silage); and X .. and 
~J 
zmfr are defined previously. 
Finally we have the usual nonnegativity assumption of linear 
programming: 
X .. > 0; Z f > 0 ~J m r- (18) 
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